Mixing and CP violation in charm meson decays provide a unique probe of possible physics beyond the standard model. In this paper, we give a brief review of the current measurements from the BABAR experiment.
Introduction
In the standard model (SM), the mixing of neutral D mesons is due to the fact that their mass eigenstates (|D 1,2 ) are not the same as the flavor eigenstates (D 0 , D 0 ). They can be expressed as:
where the complex parameters p and q are obtained from diagonalizing the D 0 − D 0 mass matrix and |p| 2 + |q| 2 = 1 under the assumption of CP T conservation. If CP violation (CPV) in mixing is neglected, p becomes equal to q, so |D 1,2 become CP eigenstates, CP |D ± = ±|D ± , and
The mixing effects can be quantified with two dimensionless parameters x and y, defined as:
where m 1,2 and Γ 1,2 are the mass and widths of the states D 1,2 respectively, and Γ = (Γ 1 + Γ 2 )/2. In the SM, mixing can occur through short-range box-diagram process, and through long-range rescattering processes via intermediate hadronic states. The former are highly suppressed by the GIM mechanism or by |V ub V cb | 2 . The latter are difficult to calculate precisely and can be as large as a percent level. As for the CPV in the charm meson decays, it has been predicted to be rather small in the SM. Significant CP violation in the charm meson decays or large mixing parameters (Eg: x ≫ 0 or y ≫ 0) 1 would be a signature for new physics (NP) beyond the SM. 
Measurement of Mixing and CPV in WS
where R D is the ratio of DCS and CF decay rates, 
No CPV
Based on a 384 fb −1 data sample, the BABAR experiment performed measure- 
The results are summarized in Table 1 . Both measurements find mixing signals with a significance of more than 3 σ, and see no evidence of CPV.
Measurement of Mixing and CPV in
Without the knowledge of the strong phase difference, the mixing parameter x and y can not be extracted from the measurements in the decay
This ambiguity can be resolved by a time-dependent amplitude analysis 5 using the decay
Because both the decay final states are self-conjugate states that include CP -even and CP -odd eigenstates, it allows the relative phases to be determined. As a result, the mixing parameter x and y can be measured directly.
With 469 fb −1 of data sample, BABAR performed a measurement 6 of mixing parameters using the decay
We found that x = (0.16 ± 0.23 ± 0.12 ± 0.08)%, y = (0.57 ± 0.20 ± 0.13 ± 0.07)%,
where the first error is the statistical uncertainty, the second error is the systematic uncertainty and the third one is the uncertainty due to the Dalitz models. We also repeated the fit by allowing for CPV and saw no evidence of CPV. 
Measurement of Mixing in
where τ is the measured D 0 lifetime in the
final states using a 384 fb −1 data sample 7,8 . We found that
The significance of this result from no-mixing hypothesis is 4.1 σ.
Measurement of Time-Integrated CP Asymmetries
Another method to search for CPV is to measure the time-integrated CP asymmetry (A CP ) of D meson decay to a given final state f :
where Γ is the partial decay width for this decay. Many searches for time-integrated CP asymmetries have been performed by both BABAR and Belle experiments and no evidence of CPV has been seen yet. So far, all the measurements have been limited by the statistical and systematic uncertainties. Most recently, the BABAR experiment performed a measurement of timeintegrated CP asymmetry in the decay
In the decay D + → K 0 S π + , the SM predicts A CP to be (−0.332 ± 0.006) %, due to CPV in K 0 − K 0 mixing 10 . However, contributions from non-SM processes may reduce the value of A CP or enhance it up to the level of one percent 11,12 . A significant deviation of the A CP measurement from the SM expectation would be evidence for the presence of NP beyond the SM. Due to the smallness of the predicted value from the SM, this measurement requires high statistics and precise control of the systematic uncertainties.
We optimize our signal reconstruction efficiency and background rejection by using a a Boosted Decision Tree algorithm. With a 469 fb −1 data sample, we reconstruct (807 ± 0.1) × 10 3 signal events. One largest systematic uncertainty in the search for time-integrated CP asymmetries is the differences in the charged track reconstruction efficiencies. In this analysis we have developed a data-based method to determine the charge asymmetry in track reconstruction as a function of the magnitude of the track momentum and its polar angle. Since B mesons are produced in the process e + e − → Υ(4S) → BB nearly at rest in the CM frame and decay isotropically in the B rest frame, these events provide a high statistics control sample essentially free of any physics-induced charge asymmetry. However, data recorded at the Υ(4S) resonance also include continuum production e + e − →(q = u, d, s, c), where there is a non-negligible forwardbackward asymmetry due to the interference between the single virtual photon process and other production processes, as described above. The continuum contribution is estimated using the off-resonance data rescaled to the same luminosity as the on-resonance data sample. Subtracting the rescaled off-resonance sample from the on-resonance one, we obtain the number of reconstructed tracks corresponding to the B meson decays only. Therefore, the relative detection and identification efficiencies of the positively and negatively charged particles for given selection criteria can be determined using the numbers of positively and negatively reconstructed tracks directly from data.
Using samples, respectively, of 8.5 fb −1 on-resonance and 9.5 fb −1 off-resonance data and applying the same charged pion track selection criteria used in the reconstruction of D + → K 0 S π + decays we obtain a sample of more than 20 million tracks after the subtraction of the off-resonance sample. We use this sample to produce a map for the ratio of detection efficiencies for π + and π − as a function of the track-momentum magnitude and cos θ, where θ is the polar angle of the track in the laboratory frame. With this new method, we were able to control the total systematical uncertainty in the measurement to be less than 0.1 %, and obtained:
This measurement is the most precise single measurement of time-integrated CP asymmetry in charm meson decays so far. The method we developed to measure the asymmetries in charged track reconstruction efficiencies can be used as a general method in other similar measurements.
Search for CP Violation using T -odd Correlations
Recently the BABAR experiment performed a search for CPV 13 by exploring the T -odd correlation in the decay
We define a kinematic triple product correlation C T = p K + · ( p π+ × p π − ), where each p i is a momentum vector of one of the particles in the decay. The product is odd under time-reversal (T ) with the assumption of CPT invariance, thus T -violation is a signal of CPV. A T -odd observable is then defined as
where A T andĀ T are defined as
With a 470 fb −1 data sample, BABAR measured that A T = (1.0 ± 5.1(stat) ± 4.4(syst)) × 10 −3 .
The result is consistent with the SM expectation.
Conclusion
Measurement of mixing and CPV in charm meson decays provides new and unique opportunities to search for NP. In this paper, we give a brief review of current measurements from the BABAR experiments. These results constrain the possible effects of NP.
